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(57) Abstract: The present invention relates to erecting tall heavy objects like wind turbine generators, which on remote places 
like on sea are complicated to assemble. The invention deals with picking a complete wind turbine generator and placing it on its 
foundation in one operation. Especially the invention concerns a lifting device for a wind turbine generator. A yoke (5) defines the 
connection between tower (8) of the wind turbine generator (9) and a crane (11), where the yoke (5) interacts with the tower (8) and 

in the lifting position lifts a complete wind turbine generator (9) in connection with erection or service. By this arrangement, all the 
major unbalanced components will be positioned below the hook or attachment point of the wire of the crane. The WTG rotor is 
balanced and the blade position will have no influence on a stable lift. 
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LIFTING DEVICE FOR A WIND TURBINE GENERATOR 
Field of the Invention 

The present invention relates to erecting tall heavy objects like wind turbine genera- 
tors, which on remote places like on sea are complicated to assemble. The invention 
5 deals with picking a complete wind turbine generator and placing it on its foundation 
in one operation. Especially the invention concems a lifting device for a wind turbine 
generator. 

Background of the Invention 

Wind turbine generators, in common language windmills, are getting larger and larger. 
Prior they were a handy supplement to other sources of electric energy, then they 
tumed to a non neglectable source of environmentally acceptable power and today the 
wind farms to be erected consist of a number of wind turbine generators each with 
capacity of supplying an amount of energy per hour corresponding to the annual con- 
sumption of an ordinary household. 

hi this text, the term WTG will be used for windmill, wind turbine generator and simi- 
lar power generating device. At present WTGs produce electrical power of either al- 
ternating current (AC) in one or multiple phases and with a fixed or variable frequency 
or direct current (DC). In the future WTGs may produce other kinds of energy, like 
hydrogen, that may be storable. 

WO 96/05391 discloses a crane adapted for the erection of elongated bodies, prefera- 
bly wind turbines, the crane is attached to the same fo\mdation, which is used for the 
wind turbine. The crane comprises a jib, which may be displaced forwards and back- 
25 wards. The cap and the blades of the wind turbine are thereby hoisted to the top of the 
wind turbine tower once this has been erected. The crane is mounted on the same 
foundation, which serves as foimdation for the wind turbine once that has been 
erected. Bearing pedestals for seating the jib and anchoring straps for the attachment 
of double acting lifting and lowering devices are connected to the foimdation, this 
30 foundation being additionally provided with an anchoring base for the wind turbine 
tower. The crane is of particular advantage for the erection of wind turbines in regions 
where it is diflBcult and costly to bring in a mobile crane for the erection of tall wind 
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turbines or in case it is difficult to use a stationary crane in view of the anchoring and 
the support required for such cranes. Floating or wheeled mobile cranes need a large 
counterweight while stationary cranes according to the prior art require a solid anchor- 
ing at a great distance from the wind turbine foundation and put great demands to the 
5 steadiness of the support. 



WO 01/23252 discloses a vessel, preferably a ship, for transport and mounting of 
structures, said vessel comprising a hull and at least four vertically elevational support 
legs as well as displacement means for elevating the support legs. The support legs are 

10 mounted in at least two consoles, which by first means are connected to the hull's right 
and left long side, respectively, and where the vessel also comprises at least one auxil- 
iary structure, preferably a crane, for handling and placing the structures below the 
waterline. The result is a vessel which based on an existing vessel, i.e. complete with 
all gear, makes it possible to transport windmills and moimt these mills on previously 

15 built structures on the seabed, and where the windmill erection it self will take place 
under the same conditions on land, and where the mounting may take place via cargo 
ships of the self-supplying type. The ship is in other words a unit which can handle of 
all tasks comprising loading of the mill units, transport of several mill units to the 
mounting site, including lifting thereof from the cargo ship and lowering thereof to the 

20 preinstalled base on the seabed. 

From EP 1 058 787 is known a system for placing an entire wind turbine including a 
foimdation. The patent does not disclose any details relating to how the wind turbine is 
lifted from the barge to the sea bottom. The wind turbine is lifted by attaching the 
25 crane to a point above the point of gravity on the wind turbine, for example an eyelet 
in the nacelle or an upper part of the tower. No indications are made as to the actual 
engagement means. From the central position of the crane wire it must be assximed 
that when lifting in an upper part of the tower, this must be carried out by attaching the 
lifting means to some means arranged inside the tower. 

30 

Furthermore, it is commonly known to use clamping devices at the bottom of the 
tower for moving at least the bottom part of the tower in either erected or horizontal 
position. Another technical solution is to lift at the top of the part of the tower eventu- 
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ally in connection with a yoke bolted to the top flange of the tower. Both these solu- 
tions may work on part of a WTG but a complete WTG may either have too high a 
centre of gravity or no access to centre of the top of the part of the tower. 



5 Prior attempts have been made to lift a WTG tower at the bottom flange. This is not a 
proper solution as the bottom flange may not be distorted as the WTG, when it is put 
on the foundation, has to mate properly on this bottom flange. On the other hand, on 
the top of the tower, the yawing gear is usually positioned as the upper part of the 
tower, but the invention attaches the tower below the yawing gear. The bottom flange 
10 cannot be made stronger or other measures to be taken to make it possible to use the 
bottom flange for lifting. Fvirthermore, as the tower usually is slightly conical (6° - 8°) 
a fatal lift near the bottom flange will make it impossible for the jaws to hold the 
tower. 

Object of the Invention 

15 The object of the invention is to provide a lifting device for tall industrial installations 

like a wind turbine generator (WTG), where the WTG-manufacturer or builder can 
assemble, test and prepare the WTG on shore or an industrial site with suitable facili- 
ties. After the assembly, the complete WTG can be transported to the foundation and 
connected to utility. 

Description of the Invention 

A lifting device for a v^nd turbine generator according to the invention comprises a 
yoke defining the connection between tower of the wind turbine generator and a crane, 
where the yoke interacts with the tower and in the lifting position lifts a complete wind 
turbine generator in connection vsdtih erection or service. By attaching the yoke, defin- 
ing the connection between the tower and the crane at a point sufficiently high on a tall 
installation a stable lift can be performed. Although a complete wind turbine generator 
is a large and heavy lift an attaching point below the nacelle will be sufficiently close 
to centre of gravity without disturbing the contents of the nacelle. The possibility of 
avoid disturbing the contents of the nacelle means that even the nacelle can be fiilly 
assembled and ready for action. All the fitting and testing can be performed on shore 
in advance. Hence, it is possible to move a WTG from shore to the foundation on sea. 
After the lift is performed and the WTG is secured to the foundation, the yoke can be 
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removed. Although the lifting device is intended to use under erection or service it 
may as well be used during updating, repairing or dismantling of the WTG. 



According to the invention, the yoke can be suspended by the crane attached to the 
5 yoke above the nacelle of the wind turbine generator, and the yoke can interact with 
the tower below the nacelle. By this arrangement, all the mayor xmbalanced compo- 
nents will be positioned below the hook or attachment point of the wire of the crane. 
The WTG rotor is balanced and the blade position will have no influence on a stable 
lift. 

10 

It is advantageous that in connection with a complete wind turbine generator of the 
type horizontal axis wind turbine type (HAWT) vmder the final transportation includes 
tower, fully equipped nacelle and preferably blades. Then no fitting or preparation is 
needed on sea. 

15 

If the yoke in the lifting position surrounds the nacelle no components within the na- 
celle will have to be removed during lifting. Hence, it is possible to transport a com- 
plete WTG to an offshore foimdation. 



20 To make a precise lift of a fully equipped WTG possible the yoke will have to interact 
wdth one or more projection or indentation at the tower. This projection or indentation 
may due to symmetry be circumferential in one or more segments and positioned in 
the upper half of the tower, preferably in the upper tenth of the tower, and most pref- 
erably just below the nacelle. By this way, a stable lift can be conducted. 

25 

From a production point of view the yoke may interact with a combination of projec- 
tions and indentations welded to the upper part of the tower, preferably a single pro- 
jection welded to the top of the tower. Then yoke, tower and nacelle with blades is 
made a simple and complete lift from the constructor's point of view as all compo- 
30 nents, weight and tlieir position is known. 
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Furthermore, it has shown advantageous that the yoke may interact with a collar in one 
or more segments, preferably a single circumferential collar in the upper part of the 
tower, preferably just below the nacelle. 

5 To make the yoke surround the nacelle without interfering with parts inside the nacelle 
the yoke may be formed as an H-shaped frame, where the frame is the base for two 
adjustable sets of vertical profiles. The two sets of vertical profiles are then equipped 
with half circle-shaped jaws, the jaws ai'e preferably a set of adjustable, lockable jaws, 
designed to interact witli the collar on the tower. By this arrangement, the complete 
10 WTG may be grabbed controlled and lifted. 

To avoid or at least reduce the possibility for the loosing the grip of the complete 
WTG the adjustable, lockable set of jaws may be adjustable axially according to the 
tower and lockable when the jaws interact with the collar. The lock of the jaws may be 
15 controlled together with the crane. This means that when the yoke is attached to the 
tower it may not be released unintentionally. 

Furthemiore, it has shown advantageous that attachment point for the crane at the yoke 
can be positionally controlled together with the crane to position the lifting point ac- 

20 cording to the wind turbine generators centre of gravity. The H-shaped frame may be 
equipped with servomotors controlled together with the crane to move the lifting point 
in a horizontal plane, so that the lifting point can be positioned within a square of 500 
times 500 mm. It may in this way be necessary to compensate for minor unbalances as 
when mating the foundation with the bottom of the tower a precise fit is necessary 

25 independently of welding or bolts to be used as securing means. Servomotors, hydrau- 
lic pistons or similar linear motors may be adapted in tlie lifting yoke to move the at- 
tachment point relative to centre of gravity of the complete WTG to make the centre of 
the tower vertical even under the release of the lift. 

Description of the Drawing 

30 The invention is explained in details below referring to the drawing, where 

fig. 1 shows a WTG suspended by a crane positioned on a vessel, and 
fig. 2 shows details of the yoke surroxmding the nacelle. 
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Detailed Description of the Invention 

For erecting wind turbine generators (WTG) on an offshore site some kind of vessel is 
needed for transporting equipment from shore to the site. In fig. 1, a vessel 49 is 
shown where a number of WTGs 47 are placed onboard. These WTGs 47 are fully 
5 equipped with tower 8, nacelle 13 and blades 15 ready to be mounted on a foundation 

48 (only one is shown). According to the invention, a complete and ready WTG 47 
can be lifted from the vessel 49 to the foimdation 48 in a single lift by a crane 35. 

The vessel 49 on fig, 1 is during the lift jacked up by at least four vertical elevational 
10 support legs 41. These support legs 41 eliminate the influence of waves from the sea. 
It may be possible to control the position of the vessel through thrusters, but as the 
WTG foundation 48 is fixed to the ground, support legs 41 is a proper solution. 

The reference n^maber 9 is used for the single and specific WTG in the lift. The refer- 
1 5 ence number 47 is used for WTGs in general. 

In fig. 2, the lifting device according to the invention is shown. This lifting device 
basically consists of a yoke 5 connecting the hook of the crane 11 with a collar 17 on 
the tower 8 of a WTG 9. The yoke 5 surrounds the nacelle 13. 

20 

The yoke 5 is constructed with the aim to lift and move a complete WTG 9 with tower 
8, nacelle 13 and blades 15. This movement can be carried out on shore before trans- 
porting the WTG 47 to sea. Further on, a similar lift can be carried out from the vessel 

49 to the foundation 48. 

25 

The reason for the WTG 47 to be assembled on shore is actually that WTGs 47 used 
offshore today are rather large. Most of the components are complicated to transport 
on sea or on road as partly assembled WTGs. As an example, the tower 8 can be trans- 
ported on the road usually in three sections. The nacelle 13 as an assembled compo- 
se nent is too large and too heavy for road transportation. The blades 15 are not too heavy 
but they are long and vulnerable. All these components will have to be put together 
and tested before the WTG 47 is put in operation. Consequently, a 2-megawatt wind 
turbine excluding the foimdation 48 will need more than 40 lorries of equipment in 



wo 2006/076920 PCT/DK2006/000030 

7 

order to be assembled before the WTG 47 can be erected on sea. On the other hand, it 
is not impossible to lift the total mass of such a construction, as a WTG 47 in the 2- 
megawatt class weighs about 100-200 tons. 

5 There are great advantages in assembling the whole WTG 47 on shore and test all the 
equipment before moving it to the sea. There are many components that are critical for 
the functioning of the WTG 47, and these components may be too expensive to adjust 
and repair on sea which is the reason for the construction of the lifting yoke 5. Usually 
tall and heavy objects may be transported to and from a port without problems. 

10 

In a suitable crane 35, the lifting yoke 5 can be mounted and designed to lift the WTG 
9, which is attached at a predetennined point near the top of the tower 8 and below the 
nacelle 13. By lifting the WTG 9 at the top of the tower 8, it will be conveniently close 
to the centre of gravity that will make the lift of the WTG 9 a stable but heavy lift. 
15 Furthermore, the lift in the top of the tower 8, especially if the attaching point for the 
yoke 5 is positioned outside the tower 8, will not call for any installations or equip- 
ment in the nacelle 13 to be moved or disturbed. 

The lifting device is adapted to lift a complete WTG 47 ftom the place where it has 
20 been assembled on shore until the vessel 49, which is equipped with suitable support 
for transporting the WTG 47 to the site offshore. When the vessel 49 arrives at the 
site, a crane 35 similar to the one on shore with a lifting device is able to place the 
complete WTG 47 at the offshore foundation 48 as one single lift. The crane 35 may 
be part of the vessel 49 or be positioned on a separate vessel. A similar crane may be 
25 used on shore. The lifting device for the specific WTG may be the same used for all 
the lifting or there may be a number of equally designed devices used on different lo- 
cations. 

The lifting device includes a yoke 5 formed as an H-shaped frame 6. The frame 6 is 
30 the base for two adjustable set of vertical profiles 21, 22 that can be moved horizon- 
tally such that the profiles 21, 22 can be lowered down over the nacelle 13 even when 
the nacelle 13 is mounted on the tower 8. 
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Each of the two sets of vertical profiles 21, 22 is equipped with half circle-shaped jaws 
24, 25 with a form suitable for an individual WTG 9 tower 8 type. The jaws 24, 25 can 
easily be changed from project to project. Usually all the WTGs for a specific project 
are of the same type and dimension, hi case of service on a specific site, a nimiber of 
5 different types may be present and this calls for different sets of jaws 24, 25 and 
maybe different yokes 5 with vertical profiles 21, 22. 

The half circle-shaped jaws 24, 25 are equipped with locking bolts 27 that are con- 
trolled externally for securing the half circle-shaped jaws 24, 25 so that they will not 
10 open when lifting the WTG 9. 

The half circle-shaped jaws 24, 25 are connected to the profiles 21, 22 with a quick- 
release system secured in an appropriate manner. 

15 At the top of the WTG 9 tower 8 below the nacelle 13 there has been provided a collar 
17. This collar 17 has been provided on a predetermined space of the WTG 9 tower 8 
suitably below the nacelle 13 and as close to the nacelle 13 as possible due to the cen- 
tre of gravity of the assembled WTG 9. This collar 17 is shaped so that the two half 
circle-shaped jaws 24, 25 can mate underneath this collar 17. This actually means that 

20 the collar 17 v^U have to carry the complete load of the lift. The collar 17 is part of the 
tower 8. It can be procured as a welded constmction in the top end of the WTG 9 
tower 8. 

Basic dimensions of the collar 17 could be 100 mm X 100 mm. This is a square cross- 
25 section* A rectangular cross-section can be used. Even a non-regular cross-section can 
be used to enhance the grip between the jaws 24, 25 and the collar 17. On the other 
hand, the cross-section has to be simple if the jaws 24, 25 and their fimction have to be 
checked remote. Furthermore, the cross-section may not introduce a limitation on 
which direction the jaws 24, 25 will have to attach the collar 17 or the number of seg- 
30 ments of the jaws. 



Basically the collar 17 and the jaws 24, 25 can be segmented but due to the weight of 
the lift, the force and the importance of this attaching point a complete circuit collar 
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17 is preferred. Furthermore, the collar 17 is a foil welded or part of the tower. As tlie 
tower 8 is usually constructed of rolled or bended steel plates all known methods of 
attaching the collar 17 will be included. The jaws 24, 25 can equally be segmented but 
as they will have to be put on and removed afterwards at least two halves will be nec- 
5 essary. Tlxree thirds or four quarters may be usable. Even a complete circle may be 
used but it will have to be severed or split after use. Some insertions between the col- 
lar 17 and jaws 24, 25 may be needed as well as the surface coating or paint will have 
to be restored after the lift. 

In one preferred mode, the lifting yoke 5 is mounted in the crane hook or attachment 
point 30 in the assembly crane 35 that is positioned on board the vessel 49. Suitable 
electric or hydraulic installations e.g. servomotors 37 are carried out to adjust the pro- 
files 21, 22 to and the jaws 24, 25 according to the WTG 9 tower 8 and to the H- 
shaped frame 6 or the yoke 5. The lifting yoke 5 is positioned over the centre of the 
WTG 9 tower 8 with the jaws 24, 25 moved as much as possible away from each 
other. Then the lifting yoke 5 is lowered down over the nacelle 13 and the tower 8 
until the two half circle-shaped jaws 24, 25 reach underneath the collar 17 on the 
tower 8. Then half circle-shaped jaws 24, 25 are moved in underneath the collar 17. 
When the lifting yoke 5 is in the correct position, the profiles 21, 22 are moved in so 
that the half circle-shaped jaws 24, 25 meet to make a complete circle around the 
WTG 9 tower 8 undemeath the collar 17. The jaws 24, 25 are then locked electrically 
or hydraulically with locking bolts 27 so that the complete fiill-circle jaws 24, 25 en- 
close or supports the collar 17. Then the WTG 9 including tower 8, nacelle 13 and 
blades 15 can be lifted by the crane 35 fi-om shore till the deck of the vessel 49 and 
then further on to the foundation 48. 

To ensure that the WTG 47 is suspended vertically above the centre of gravity, at least 
two of the attachment points on the H-shaped frame 6 or yoke 5 is positioned in front 
of the tower 8 and are made adjustable so that the tower 8 will be vertical when sus- 
30 pended. Actually, the centre of gravity of an HAWT with three blades 15 is placed 
upwind. The term HAWT means a horizontal axis wind turbine. The centre mass of a 
three-blade HAWT is positioned a little more to the front than ttie centre of the yaAving 
gear where fi-ont is defined by the three-blade rotor. By adjusting the two front lifting 
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points in the H-shaped frame 6 or yoke 5 against the rotor it is possible to lift the com- 
plete WTG 47 with a vertical tower 8. 

When the yoke 5 has been locked 27 and the WTG 9 together with the yoke 5 is in 
5 balance, the WTG 9 can be moved vertically from one position to another. The correct 
lifting point is calculated as a function of a specific tension in the two front lifting 
points or front straps on the yoke S. The front straps are positioned near the front of 
the nacelle 13 closest to the rotor with the blades 15. 

10 The attachment point 30 for the crane 35 at the yoke 5 can be positionally controlled 
together with the crane 35 to position the lifting point according to the wind turbine 
generators centre of gravity. This control can be conducted through electronics or opti- 
cal means with the aim to position the part of the WTG at the needed position. Usually 
the critical position is the bottom of the tower 8 especially when the WTG mates with 

15 the foundation 48. The H-shaped frame 6 is equipped with servomotors 37 controlled 
together with the crane 35 to move the lifting point in a horizontal plane, so that the 
lifting point can be positioned within a square of 500 times 500 mm. The size of the 
horizontal plane is not critical, as the lift will have to be well prepared. The servomo- 
tors 37 can be electrical or hydraulic and the can be externally controlled from the 

20 crane 35 or a control room for the operation. 

The invention is not liwited to the abovementioned best mode but may be modified by 
a man skilled in the art within the scope of the appended claims. 
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CLAIMS 

1 . Lifting device for a wind turbine generator characterised in that, a yoke (5) de- 
fines the connection between tower (8) of the wind turbine generator (9) and a crane 

5 (11), where the yoke (5) interacts with a collar provided on the tower (8) and in the 
lifting position lifts a complete wind turbine generator (9) in connection with erection 
or service. 

2. Lifting device for a wind turbine generator according to claim 1 characterised in 
10 that, the yoke (5) is suspended by the crane (11) attached to the yoke (5) above the 

nacelle (13) of the wind turbine generator (9), and that the yoke (5) by means of pro- 
files (22) interacts with the collar provided on the tower (8) below the nacelle (13). 

3. Lifting device for a wind turbine generator according to claims 1 or 2 characterised 
15 in that, the complete wind turbine generator (9) is a horizontal axis wind turbine in- 
cludes tower (8), fully equipped nacelle (13) and preferably blades (15). 

4. Lifting device for a wind turbine generator according to claims 1-3 characterised 
in that, the yoke (5) in the lifting position surrounds the nacelle (13). 

20 

5. Lifting device for a wind turbine generator according to claims 1-4 characterised 
in that, the yoke (5) interacts with one or more projection (17) or indentation at the 
tower (8), which projection (17) or indentation is circumferential in one or more seg- 
ments, and which projection (17) or indentation is positioned in the upper half of the 

25 tower (8), preferably in the upper tenth of the tower (8), and most preferably just be- 
low the nacelle (1 3). 

6. Lifting device for a wind txirbine generator according to claims 1-5 characterised 
in that, the yoke (5) interacts with a combination of projections (17) and indentations 

30 welded to the upper part of the tower (8), preferably a single projection (17) welded to 
the top of the tower (8). 
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7. Lifting device for a wind turbine generator according to claims 1-6 characterised 
in that, the yoke (5) interacts with a collar (17) in one or more segments, preferably a 
single circumferential collar (17) in the upper part of the tower (8), preferably just be- 
low the nacelle (13). 

5 

8. Lifting device for a wind turbine generator according to claims 1-7 characterised 
in that, the yoke (5) is formed as an H-shape frame (6), where the frame (6) is the 

base for two adjustable set of vertical profiles (21, 22), the two sets of vertical profiles 
(21, 22) are equipped with half circle-shaped jaws (24, 25), the jaws (24, 25) are pref- 
10 erably a set of adjustable, lockable (27) jaws (24, 25), designed to interact with the 
collar (17) on the tower (8). 

9. Lifting device for a wind turbine generator according to claims 1-8 characterised 
in that, the adjustable, lockable (27) set of jaws (24, 25) are adjustable axially accord- 

15 ing to the tower (8) and lockable (27) when the jaws (24, 25) interact with the collar 
(17), the lock (27) of the jaws (24, 25) is controlled together with the crane (35). 

10. Lifting device for a wind turbine generator according to claims 1-9 characterised 
in that, attachment point (30) for the crane (35) at the yoke (5) can be positionally 

20 controlled together with the crane (35) to position the lifting point according to the 
wind turbine generators centre of gravity, and that the H-shape fi'ame (6) is equipped 
with servomotors (37) controlled together with the crane (35) to move the lifting point 
in a horizontal plane, so that the lifting point can be positioned within a square of 500 
times 500 mm. 
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